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ABSTRACT 


An improved axle control apparatus for industrial. vehicles. 
A multi-movement hydraulic cylinder is provided at each 
end of a rear axle to couple the rear axle with a body frame. 
Each cylinder has a pair of oil chambers, which are defined 
by a piston. The oil chambers of the same cylinder are 
connected with each other by an oil line. An electromagnetic 
valve is located in each oil line. When the electromagnetic 
valves open the lines, oil flow between the chambers of the 
same cylinders is permitted. This permits the pistons to 
move. When the electromagnetic valve closes the lines, oil 
flow between the chambers of the same cylinders is prohib- 
ited. This locks the pistons. When the pistons in both 
cylinders are movable, the rear axle is permitted to tilt 
relative to the body frame. The rear axle is locked by locking 
the piston of at least one of the cylinders. Thus, if one of the 
cylinders is malfunctioning, the rear axle is locked by the 
other cylinder. The reliability of the apparatus is improved 
accordingly. 

13 Claims, 3 Drawing Sheets 
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1 2 

AXLE TILT CONTROL APPARATUS FOR the frame of an industrial vehicle such that the axle is tiltable 

INDUSTRIAL VEHICLES relative to the frame. The apparatus includes a pair of 

hydraulic cylinders located near the ends of the axle. Each 

BACKGROUND OF THE INVENTION cylinder is connected to both the axle and the frame. Each 

_ ... 1 , , 5 cylinder includes a piston and a pair of fluid chambers 

The present invention relates to an apparatus that controls dcfincd b ^ ^ £ach istoQ ^ moyable whcn ^ {& 

U ting of an axle in an industrial vehicle such as a forklift. permitled t0 enter and exil its fluid chambers . Eac h piston is 

More particularly, the present invention pertains to an ax e locked inst movcmcnt when fluid ^ not permittcd to 

tilt control apparatus for locking an axle, which is tiltably enter and exit i{& flldd chambers. The axle is tiltable when 

supported by a vehicle s body frame, against tilting. M ^ pistQns in ^ cylinders are movable ^ ^ canQOt tjU 

A typical industnal vehicle such as a forklift includes a w hen the piston of at least one of the cylinders is locked. The 

rear axle that tilts relative to the body frame. The rear axle apparatus further includes a valve device that selectively 

tilts such that all the wheels always contact the ground even permits and prohibits flow of fluid into and from the fluid 

if the vehicle runs over bumps and dips on the road surface. chambers of the cylinders. 

This structure improves comfort and stability of the vehicle. 15 Qther aspects amJ advantages of the invention will 

However, when a carried object is heavy and is elevated become apparent from the following description, taken in 

to a relatively high position or when the vehicle turns at a conjunction with the accompanying drawings, illustrating by 

high speed, tilting of the axle may destabilize the vehicle. way 0 f example the principles of the invention. 
Thus, an apparatus for locking the rear axle to the frame has 

been proposed. 20 BRIEF DESCRIPTION OF THE DRAWINGS 

Japanese Unexamined ^Patent Publication No. 58-167214 ^ iny ^ ^ and a(W 

discbses an industrial vehicle having such an apparatus^e ± ^ be * nderstood b re J ference t0 me foll( f w . 

middle of the vehicle s rear axle is coupled to the body a • \- t *u n t a u a- , 

£ , , , , , .. . ., , j c rp, , J c ing description of the presently preferred embodiments 

frame to be tiltable relative to the body frame. The ends of t * t , itt % k a 

4! _ , | « , • j f i_ -en* together with the accompanying drawings, 

the rear axle are coupled to the body frame by a pair of 25 & r J ° ^ 

single-movement hydraulic cylinders, respectively. The Fia 1 * a diagrammatic view showing a first embodi- 
hydraulic cylinders each have a piston rod and an oil mcnt of a rear axle controller according to the present 
chamber that is connected to a common electromagnetic invention; 

control valve by a line. Each piston rod is extended by FIG. 2 is an enlarged cross-sectional view illustrating a 
supplying oil to the corresponding oil chamber. The control 30 hydraulic cylinder used in the axle controller of FIG. 1; and 
valve is moved between a open position to connect the oil FIG. 3 is a diagrammatic view illustrating a second 

chambers with each other and a closed position to discon- embodiment of a rear axle controller according to the 
nect the oil chambers from each other. Connecting the oil present invention, 
chambers with each other permits oil in the chambers to flow 

back and forth. As the piston rod of one of the hydraulic 35 DETAILED DESCRIPTION OF THE 

cylinders is extended, the piston rod of the other cylinder is PREFERRED EMBODIMENTS 

retracted. Accordingly, the axle is tilted relative to the body I A - , „„ O _ <1 , otllo „ _ n fi . 0 <i- 

r v. n_ iL m u l. a- I $ A torkhrt having an apparatus according to a nrst embooi- 

frame. When the oil chambers are disconnected from each n . c * • *• n W a u a nu 

. . a u * *u u V ment of tne present invention will now be described with 

other, oil in the chambers cannot flow between the cfaam- ' {Q £ ]GS ± and 2 M shown {q mQ a reaf ^ 

bers. Thus the piston rods are fixed. As a result, the axle is « 2 cxtends ^ ^ ^ q{ ^ ^ fr ^ ^ 
locked to the trame. The rear ^ 2 {& connected to the body frame x 5y a ce[lter 
The hydraulic cylinders of the Japanese publication are pin 3 to pivot about the pin 3 a rubber shock absorber 4 is 
single-movement type. In such a hydraulic cylinder, the arra nged between the body frame 1 and the rear axle 2. The 
pressure of the oil in the oil chamber prevents the piston rod shock absorber 4 absorbs shocks accompanying tilting of the 
from retracting when oil flow from the oil chamber is rear axle 2 thereby preventing the shocks from being trans- 
restricted. In this state, however, the oil pressure does not ferred t0 the body frame x Rear wheels 5? which are steered 
prevent the piston rod from extending. Application of single- to ^ the ve hicLe, are coupled to the ends of the rear axle 
movement hydraulic cylinders to an axle locking apparatus 2 

therefore raises the following problems. If one of the ' i nth i s description, the words "left" and "right" refer to the 

hydraulic cylmders malfunctions, for example, if a piston kft ^ rf ht sides of FIG j The kft end of the fear axle 

seal nng is damaged, the hydraulic cy inder allows its paton 2 b c , ed , 0 , he bo(J fra[ne j b , multi . movement 

rod to extend and retract even ,f the electromagnetic control h drauUc linder { _ ^ rf h( find of , he reaf axle 2 is 

valve is at the closed position. On me other hand, the other kd l£) , he bod frame j b anolher multi . movement 

hydraulic cylinder, which ,.s functioning normally does not h ^ u ]inder ? ^ e ^ f ? have ^ same 

restrict the extension of its piston rod. The axle is therefore " ' 

..... « . , r construction, 
not locked relative to the body frame. . _ . 

Electromagnetic control valves 8, 12 and accumulators 9, 

SUMMARY OF THE INVENTION 13 are provided in the body frame 1. The control valve 8 is 

connected to the left hydraulic cylinder 6 by lines 101 and 

Accordingly, it is an objective of the present invention to 60 102 and to the accumulator 9 by lines 103, 104. The lines 

provide an axle tilt control apparatus for industrial vehicles 103 and 104 are merged with each other before reaching the 

that has two hydraulic cylinders and that positively locks the accumulator 9. The control valve 12 is connected to the right 

axle even if one of the cylinders malfunctions. hydraulic cylinder 7 by lines 111 and 112 and to the 

To achieve the foregoing and other objectives and in accumulator 13 by lines 113, 114. The lines 113 and 114 are 

accordance with the purpose of the present invention, an 65 merged with each other before reaching the accumulator 13. 

improved apparatus for controlling tilting of an axle is An axle tilt controller 16 is also provided in the body frame 

provided. The middle of the axle is pivo tally supported by 1. The controller controls the valves 8, 12. 
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Since the hydraulic cylinders 6, 7 are identical, only the 
left cylinder 6 will be described. As shown in FIG. 2, the 
cylinder 6 includes a housing 20 and lids 21, 22 to close the 
openings of the housing 20, A piston 25 is slidably accom- 
modated in the housing 20. The piston 25 divides the interior 
of the housing 20 into a first oil chamber 23 and a second oil 
chamber 24. A seal ring 25a is fitted about the circumference 
of the piston 25 to seal between the piston 25 and the 
housing 20. The first oil chamber 23 is connected to the line 
101. The second oil chamber 24 is connected to the line 102. 

A piston rod 26 extends from one end face of the piston 
25, and a guide rod 27 extends coaxially from the opposite 
face. The piston rod 26 and the guide rod 27 have the same 
cross-sectional area. The piston rod 26 extends from the 
piston 25 through the first oil chamber 23 and the lid 21. The 
distal end of the rod 26 protrudes from the housing 20. The 
proximal end portion of the piston rod 26 has a smaller 
diameter than that of the rest of the rod 26. The small 
diameter portion extends through the piston 25 and pro- 
trudes into the second oil chamber 24. A bolt portion 26a is 
formed at the small diameter portion. 

The guide rod 27 has a threaded hole 27a at its proximal 
end. The bolt portion 26a of the piston rod 26 is threaded 
into the threaded hole 27a. This fastens the piston rod 26 to 
the guide rod 27 with the piston 25 in between. Since the 
rods 26 and 27 have the same cross-sectional areas, the 
pressure receiving area of the piston 25 in the first oil 
chamber 23 is equal to the pressure receiving area of the 
piston 25 in the second oil chamber 24. The guide rod 27 
extends through the second oil chamber 24 and the lid 22 
and is slidably supported by a hole 22a formed in the lid 22. 
A cylindrical guide member 28 is fixed to the lid 22. The 
distal end of the guide rod 27 is accommodated in a hole 28a 
formed in the guide member 28. 

A lower support 30 is fixed to the upper left surface of the 
rear axle 2. An upper support member 32 is fixed to the left 
side of the body frame 1. The distal end of the piston rod 26 
is pivo tally coupled to the support 30 by a pin 31. The distal 
end of the guide member 28 is pivotally coupled to the 
support member 32 by a pin 33. 

As shown in FIG. 1, a lower support 34 is fixed to the 
upper right surface of the rear axle 2. An upper support 35 
is fixed to the right side of the body frame 1. The right 
hydraulic cylinder 7 is coupled to the supports 34, 35 in the 
same manner as the left cylinder 6. The first oil chamber 23 
of the cylinder 7 is connected to the line 111. The second oil 
chamber 24 of the cylinder 7 is connected to the line 112. 

As shown in FIG. 1, the control valves 8, 12 are two-way 
switching valves that have four ports A, B, C and D. In the 
left control valve 8, the port A is connected to the line 101, 
the port B is connected to the line 102, the port C is 
connected to the line 103 and the port D is connected to the 
line 104. In the right control valve 12, the port A is connected 
to the line 111, the port B is connected to the line 112, the 
port C is connected to the line 113, the port D is connected 
to the line 114. The control valves 8, 12 are moved between 
a closed position PI and a open position P2. At the closed 
position PI, each of the control valves 8, 12 disconnects the 
ports A, B, C and D. At the open position P2, each of the 
control valves 8, 12 connects the port A with the port C and 
the port B with the port D. 

Each of the control valves 8, 12 has an electromagnetic 
solenoid 36 and a spring 37. When current is not supplied to 
the solenoids 36, that is, when the solenoids 36 are 
de-excited, the control valves 8, 12 are moved to the closed 
positions PI by the force of the spring 37. When excited by 


10 


15 


25 


30 


current, the solenoids 36 move the control valves 8, 12 to the 
open position P2 against the force of the springs 37. The 
control valves 8, 12 are normally closed valves, that is, they 
are at the closed positions PI when the solenoids 36 are 
de-excited. 

When at the closed position, the left control valve 8 shuts 
the lines 101, 102, which are connected to the hydraulic 
cylinder 6. Likewise, when at the closed position, the right 
control valve 12 shuts the lines 111, 112, which are con- 
nected to the hydraulic cylinder 7. In this state, oil flow from 
and into the oil chambers 23, 24 is prohibited. Accordingly, 
the piston rod 26 is locked. As a result, the rear axle 2 is 
locked to the frame 1 and cannot tilt. 

When at the open position, the left control valve 8 
connects the first oil chamber 23 of the cylinder 6 with the 
accumulator 9 through the line 101, the ports A, C and the 
line 103. The control valve 8 also connects the second oil 
chamber 24 with the accumulator 9 by the line 102, the ports 
B, D and the line 104. When at the open position, the right 
control valve 12 connects the first oil chamber 23 of the 
cylinder 7 with the accumulator 13 by the line 111, the ports 
A, C and the line 113. The control valve 12 also connects the 
second oil chamber 24 with the accumulator 13 by the line 
112, the ports B, D and the line 114. In this state, the oil 
chambers 23, 24 of the same cylinder 6, 7 are connected with 
each other and oil flow between the chambers 23, 24 of the 
same cylinder is permitted. This permits the piston rod 26 to 
move. In other words, the axle 2 is tiltable. 

When the engine (not shown) is running, the controller 16 
normally feeds current to the solenoids 36 in the control 
valves 8, 12 thereby allowing the rear axle 2 to tilt relative 
to the body frame 1. However, when predetermined locking 
conditions are satisfied, the controller 16 stops feeding 
current to the control valves 8, 12 to lock the rear axle 2. The 
lock conditions include at least one of the following condi- 
tions: the height of the fork (not shown) being equal to or 
greater than a predetermined height, the wheel angle of the 
rear wheels 5 being equal to or greater than a predetermined 
angle, the vehicle speed being equal to or greater than a 
predetermined speed. 

The operation of the axle tilt control apparatus will now 
be described. 

When the engine is started, the controller 16 feeds current 
to the control valves 8, 12. This moves the control valves 8, 
12 from the closed position PI to the open position P2. In 
each of the cylinders 6, 7, oil flow is permitted between the 
oil chambers 23 and 24. The rear axle 2 is therefore tiltable 
relative to the body frame 1. 

Specifically, when the rear axle 2 is tilted clockwise (as 
viewed in FIG. 1) relative to the body frame 1, the piston rod 
26 of the left cylinder 6 retracts while the piston rod 26 of 
the right cylinder 7 extends. When the rear axle 2 is tilted 
counterclockwise relative to the body frame 1, the piston rod 
26 of the left cylinder 6 extends and the piston rod 26 of the 
55 right cylinder 7 retracts. When the piston rod 26 retracts, oil 
is drained from the second oil chamber 24 and is drawn into 
the first oil chamber 23. When piston rod 26 extends, oil is 
drained from the first oil chamber 23 and is drawn into the 
second oil chamber 24. 

In each of the cylinders 6, 7, the pressure receiving area 
of the piston 25 in the first oil chamber 23 is equal to the 
pressure receiving area of the piston 25 in the second oil 
chamber 24. Therefore, the amount of oil drained from one 
of the chambers 23, 24 is equal to the amount of oil drawn 
into the other chamber. This guarantees smooth motion of 
the pistons 25 in the cylinders 6, 7 thereby ensuring smooth 
tilting of the rear axle 2. 
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When judging that the locking conditions are not satisfied, connects the accumulator 40 with one of the control valves 

the controller 16 stops feeding current to the control valves 8, 12. At the other position, the switching valve connects the 

8, 12. This moves the control valves 8, 12 from the open accumulator 40 with the other one of the control valves 8, 

position P2 to the closed position PI. The control valves 8, 12. If one of the cylinders 6, 7 malfunctions, the switching 

12 prohibit oil flow from and into the oil chambers 23, 24 in s va * vc disconnects one of the control valves 8, 12 that 

the hydraulic cylinders 6, 7. As a result, the rear axle 2 is corresponds to the malfunctioning cylinder. Therefore, oil 

locked. fr° m tne acc u*riuUtor 40 is not supplied to the malfunction- 

If the seal ring 25a of the piston 25 in the left cylinder 6 ing cylinder, 

isdamaged,^ vaStn^ 

of the piston 25 and the inner wall of he housing 20. In this 10 afe de . excited There f ore ; contrary to the embodiments of 

case even if the corresponding control valve 8 is at the FIGS M the rcaf axle 2 ^ rclatiyc tQ the bod 

closed position PI, the space allows oil to flow between the ffame x when the controller 16 malfunctions and cannot 

chambers 23 and 24. As a result, the piston rod 26 of the left supply curren t to the control valves 8, 12. Therefore, if the 

cylinder 6 is movable. controller 16 malfunctions while the vehicle is traveling on 

However, with both control valves 8, 12 at the closed 15 uneven ground with number of bumps and dips, the rear axle 

position PI, oil flow between the oil chambers 23 and 24 of 2 tilts relative to the body frame 1 such that all the four 

the right oil cylinder 7, assuming the right cylinder 7 is wheels constantly contact the ground, 

functioning normally, is prohibited. Thus, the right cylinder Contrary to the embodiment of FIGS. 1 and 2, the piston 

7 is locked. In other words, the rear axle is locked only by rods 26 of the hydraulic cylinders 6, 7 may be coupled to the 

the right hydraulic cylinder 7. If the right cylinder 7 is 20 body frame 1 and the guide members 28 may be coupled to 

damaged, on the other hand, the left hydraulic cylinder 6, the rear axle 2. 

assuming the left cylinder 6 is functioning normally, locks The hydraulic cylinders 6, 7 may be controlled by a single 

the rear axle 2. The reliability of the apparatus is improved electromagnetic valve. This reduces the size of the appara- 

accordingly. The apparatus thus allows the forklift to travel tus. 

and perform loading and unloading with stability. 25 

The controller 16 feeds or stops current to the control 
valves 8, 12 at the same time. Therefore, the hydraulic 


cylinders 6, 7 are locked or unlocked at the same time. This 
makes switching between locking and unlocking of the rear 
axle 2 smooth. Further, if one of the cylinders 6 and 7 
malfunctions, the rear axle 2 is switched between the locked 
state and the unlocked state as in the case where both 
cylinders 6, 7 are functioning normally. That is, the control- 
ler 16 feeds or stops current to both control valves 8, 12. 


Then, the valve 8, 12 that is functioning normally locks or jf a single manual valve is provided, the cylinders 6, 7 are 

unlocks the rear axle 2. In other words, a single controlling locked or unlocked simultaneously by manipulating the 

process applies to a case where the cylinders 6, 7 are single valve. If there are two manual valves that are manipu- 

functioning and to a case where one of the cylinders 6, 7 is i ate ^ simultaneously, the cylinders 6, 7 are also locked or 

malfunctioning. This eliminates the necessity for detecting a ^ unlocked simultaneously. If the two valves are indepen- 

malfunction in the cylinders 6, 7 thereby simplifying the d6nt i y manipulated, the cylinders 6, 7 are independently 

construction of the apparatus. locked or unlocked. 

When the controller 16 malfunctions, current is not fed to if the hydraulic cylinders 6, 7 are locked and unlocked 

the control valves 8, 12. In other words, locking of the rear simultaneously, the apparatus having the manual switching 

axle 2 is not controlled. In such a case, stability of the 45 V alve(s) has the same advantages as the apparatus illustrated 

vehicle should take priority over comfort. Therefore, the m FIGS. 1 and 2. If the hydraulic cylinders 6, 7 are 

control valves 8, 12 are normally closed type. Therefore, if independently locked and unlocked, tilting of the rear axle 

the controller 16 cannot feed current to the control valves 8, 2 may be controlled by using only one of the hydraulic 

12 due to malfunction, oil flow between the oil chambers 23, cylinders 6, 7. If one hydraulic cylinder malfunctions, tilting 

24 in the cylinders 6, 7 is prohibited. The rear axle 2 is 5Q 0 f tne rear axle 2 is controlled by the other cylinder, 

locked, accordingly. Thus, a malfunction of the controller 16 state of the hydraulic cylinders 6, 7 may be detected 

does not result in instability. and the vaives 8> 12 may be independently controlled 

It should be apparent to those skilled in the art that the based on the detection results. Specifically, as illustrated by 

present invention may be embodied in many other specific two-dotted lines in FIG. 2, two pressure sensors 50 may be 

forms without departing from the spirit or scope of the 55 a ttached to the cylinder 6 to detect oil pressure in the oil 

invention. Particularly, it should be understood that the chambers 23, 24. Identical pressure sensors 50 are attached 

invention may be embodied in the following forms. to the cylinder 7. The controller 16 judges whether the 

FIG. 3 illustrates an axle tilt control apparatus according cylinders 6, 7 are normally functioning based on oil pressure 

to a second embodiment. The apparatus has a single accu- detected by the pressure sensors 50. For example, if the oil 

mulator 40 corresponding to both hydraulic cylinders 6, 7. 60 pressure detected by the pressure sensors 50 is equal to or 

Since accumulators are relatively large, reducing the number lower than a predetermined level, the controller 6 judges that 

of the accumulators to one reduces the size of the apparatus. the cylinders 6, 7 are malfunctioning. The predetermined 

A switching valve may be located between the electro- value of the oil pressure is determined based on the oil 

magnetic control valves 8 and 12. The switching valve is pressure in the oil chambers 23, 24 when the normally 

switched among three positions. At one position, the switch- 65 functioning cylinders 6, 7 are locked, 

ing valve connects the accumulator 40 with both control In this embodiment, the controller 16 controls only one of 

valves 8, 12. At another position, the switching valve the control valves 8, 12 at a time. In other words, the 


\ The control valves 8, 12, which are controlled by the 
controller 16, may be replaced with one or two manual 
switching valves, which are manually controlled by an 
operator of the forklift. That is, a manual switching valve 
may be connected to each of the cylinders 6, 7. Alternatively, 
a single manual switching valve may be connected to both 
cylinders 6, 7. The operator manipulates the switching 
valve(s) to lock the cylinders 6, 7 when she/he judges that 
the rear axle 2 must be locked, for example, when the 
position of the fork is relatively high. 
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20 


25 


controller 16 controls tilting of the rear axle 2 by using one 
of the hydraulic cylinders 6, 7. If the controller 16 judges 
that one of the hydraulic cylinders 6, 7 has malfunctioned 
based on the detection results of the pressure sensors 50, the 
controller 16 starts controlling the other control valve. That $ 
is, the controller 16 controls tilting of the rear axle 2 by the 
other hydraulic cylinder. 

In each of the preferred and illustrated embodiments, the 
present invention is applied to a forklift having forks on 
which loads are placed. However, the present invention may 1Q 
be applied to other types of lift trucks. For example, the 
present invention may be applied to a lift truck having 
clamps or a ram. Further, the present invention may be 
applied to other types of industrial vehicles such as shovel 
loaders, which hold a load at a high position when carrying 
the load. The present invention may also be applied to other 15 
types of industrial vehicles, such as construction vehicles. 

Therefore, the present examples and embodiments are to 
be considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, but 
may be modified within the scope and equivalence of the 
appended claims. 

What is claimed is: 

1. An apparatus for controlling tilting of an axle, wherein 
the middle of the axle is pivotally supported by the frame of 
an industrial vehicle such that the axle is tiltable relative to 
the frame, the apparatus comprising: 

a pair of hydraulic cylinders located near the ends of the 
axle, each cylinder being connected to both the axle and 
the frame, wherein each cylinder includes a piston and 3Q 
a pair of fluid chambers defined by the piston, wherein 
each piston is movable when fluid is permitted to enter 
and exit the corresponding fluid chambers, and wherein 
each piston is locked against movement when fluid is 
not permitted to enter and exit the corresponding fluid 35 
chambers, wherein the axle is tiltable when the pistons 
in the cylinders are movable, and wherein the axle 
cannot tilt when the piston of at least one of the 
cylinders is locked; 

a pair of valves, each corresponding to one of the 40 
cylinders, wherein each valve selectively permits and 
prohibits flow of fluid into and from the fluid chambers 
of the corresponding cylinder; 

a controller for controlling the valves, wherein the con- 
troller controls only one of the valves at a time such that 45 
the cylinder corresponding to a currently controlled 
valve is regulated to control tilting of the axle; 

a sensor for detecting the fluid pressure in at least one of 
the fluid chambers of each cylinder; and 

means for determining whether the cylinder correspond- 50 
ing to the currently controlled valve is functioning 
normally based on the fluid pressure detected by a 
corresponding one of the sensors being above a prede- 
termined level of pressure, wherein, when the deter- 
mining means determines that the cylinder correspond- 55 
ing to the currently controlled valve is malfunctioning, 
the controller controls the other valve such that the 
other cylinder is regulated to independently control the 
tilting of the axle irrespective of the malfunctioning 
valve. 60 

2. The apparatus according to claim 1, further comprising 
fluid passages connected to the fluid chambers of each 
cylinder, respectively, wherein each valve selectively opens 
and closes the fluid passages that correspond to one of the 
cylinders. 65 

3. The apparatus according to claim 1, wherein the 
controller controls each valve based on the satisfaction of a 


predetermined condition, wherein satisfaction of the prede- 
termined condition indicates that the axle needs to be locked. 

4. The apparatus according to claim 3, wherein the 
controller controls each valve such that the corresponding 
cylinder is locked when the locking condition is satisfied, 
and wherein the controller controls each valve such that the 
corresponding cylinder is unlocked when the locking con- 
dition is not satisfied. 

5. The apparatus according to claim 1, wherein each valve 
is electromagnetic and is actuated by electric current, and 
wherein each valve prohibits flow of fluid into and from the 
fluid chambers of the corresponding cylinder when current 
is not supplied to the valve. 

6. The apparatus according to claim 1, wherein the piston 
of each cylinder has a pressure receiving surface facing one 
of the fluid chambers and another pressure receiving surface 
facing the other fluid chamber, and wherein the pressure 
receiving surfaces have the same area. 

7. The apparatus according to claim 1, wherein the 
industrial vehicle is a forklift, and wherein the axle supports 
a pair of rear wheels. 

8. An apparatus for controlling tilting of an axle, wherein 
the middle of the axle is pivotally supported by the frame of 
an industrial vehicle such that the axle is tiltable relative to 
the frame, the apparatus comprising: 

a pair of hydraulic cylinders located near the ends of the 
axle, each cylinder being connected to both the axle and 
the frame, wherein each cylinder includes a piston and 
a pair of fluid chambers defined by the piston, wherein 
each piston is movable when fluid is permitted to enter 
and exit the corresponding fluid chambers, and wherein 
each piston is locked against movement when fluid is 
not permitted to enter and exit the corresponding fluid 
chambers, wherein the axle is tiltable when the pistons 
in the cylinders are movable, and wherein the axle 
cannot tilt when the piston of at least one of the 
cylinders is locked; 

fluid passages connected to the fluid chambers of each 
cylinder, respectively; 

a pair of electromagnetic valves, one electromagnetic 
valve being connected to the fluid passages that corre- 
spond to each cylinder, wherein each electromagnetic 
valve selectively opens and closes the corresponding 
fluid passages thereby selectively permitting and pro- 
hibiting flow of fluid into and from the fluid chambers 
of the corresponding cylinder, wherein each electro- 
magnetic valve closes the corresponding fluid passages 
when electric current is not supplied to the electromag- 
netic valve; 

a controller that controls the valves based on the satis- 
faction of a predetermined condition, wherein satisfac- 
tion of the predetermined condition indicates that the 
axle needs to be locked, and wherein the controller 
controls only one of the electromagnetic valves at a 
time such that the cylinder corresponding to a currently 
controlled valve is regulated to control tilting of the 
axle; 

a sensor for detecting the fluid pressure in at least one of 
the fluid chambers of each cylinder; and 

means for determining whether the cylinder correspond- 
ing to the currently controlled valve is functioning 
normally based on the fluid pressure detected by a 
corresponding one of the sensors being above a prede- 
termined level of pressure, wherein, when the deter- 
mining means determines that the cylinder correspond- 
ing to the currently controlled valve is malfunctioning, 
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the controller controls the other electromagnetic valve 
such that the other cylinder is regulated to indepen- 
dently control the lilting of the axle errespective of the 
malfunctioning valve. 

9, The apparatus according to claim 8, wherein the piston 
of each cylinder has a pressure receiving surface facing one 
of the fluid chambers and another pressure receiving surface 
facing the other fluid chamber, and wherein the pressure 
receiving surfaces have the same area. 

10. An apparatus for controlling tilting of an axle of an 
industrial vehicle, wherein the vehicle has a frame, the 
apparatus comprising: 

a pivot joint for connecting the axle to the frame, wherein 
the pivot joint is located at the midpoint of the axle; 

a first hydraulic cylinder for connecting a first end of the 
axle to the frame; 

a second hydraulic cylinder for connecting a second end 
of the axle to the frame; 

a piston, an upper fluid chamber, and a lower fluid 
chamber included in each cylinder, wherein the upper 
chamber is separated from the lower chamber of each 
cylinder by the corresponding piston; 

a plurality of fluid passages, one being connected to and 
communicating with each fluid chamber of each cyl- 
inder; 

a pair of valves, one valve being connected to the fluid 
passages that correspond to each cylinder, wherein each 
valve regulates the corresponding fluid passages for 
selectively opening and closing the corresponding fluid 
passages such that hydraulic fluid is selectively permit- 
ted to enter and prevented from exiting the fluid cham- 
bers of the corresponding cylinder, wherein the pas- 
sages associated with a selected one of the cylinders are 
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closed to prevent fluid from exiting or entering the fluid 
chambers of the selected one cylinder to prevent the 
axle from tilting with respect to the frame r; 
a controller for controlling the valves, wherein the con- 

5 troller controls only one of the valves at a time such that 
the cylinder corresponding to the currently controlled 
valve is regulated to control tilting of the axle; 
a sensor for detecting the fluid pressure in at least one of 

10 the fluid chambers of each cylinder; and 

means for determining whether the cylinder correspond- 
ing to the currently controlled valve is functioning 
normally based on the fluid pressure detected by a 
corresponding one of the sensors being above a prede- 

1 5 termined level of pressure, wherein, when the deter- 
mining means determines that the cylinder correspond- 
ing to the currently controlled valve is malfunctioning, 
the controller controls the other valve such that the 
other cylinder is regulated to independently control the 

20 tilting of the axle irrespective of the malfunctioning 
valve. 

11. The apparatus according to claim 10, wherein the 
valves are normally closed type valves. 

12. The apparatus of claim 10, wherein the valves are 
25 electromagnetically actuated, and wherein the controller 

electrically controls the selected one of the electromagnetic 
valves such that the passages of the corresponding cylinder 
are closed under predetermined conditions. 

13. The apparatus of claim 10, wherein the upper and 
30 lower fluid chambers associated with a given one of the 

cylinders are connected together when the passages con- 
nected to the given cylinder are not closed. 

***** 
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